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DIURNAL VARIATIONS I N  TIE FLUCTUATIONS OF ELECTRON 
DENSITY I N  THE IONOSPHERE OF THE NORTHERN HEMISPHERE 

E. S. Kazimirovskiy, V.  D .  Kokourov and L .  B. Napushina 

ABSTRACT: The paper  makes an a t tempt  t o  connect t h e  appear-  
ance o f  t h e  s o - c a l l e d  F - s c a t t e r  wi th  l a r g e - s c a l e  f l u c t u a t i o n s  
o f  t h e  e l e c t r o n  d e n s i t y  i n  t h e  F  r eg ion  of t h e  ionosphere.  
The a n a l y s i s  o f  d a t a  obta ined  a t  s e v e r a l  ionospher ic  s t a t i o n s  
made it p o s s i b l e  t o  c o n s t r u c t  f o r  t h e  Northern Hemisphere a  
Itmap" o f  g loba l  v a r i a t i o n s  o f  t h e  P-index, which i s  pro-  
p o r t i o n a l  t o  t h e  f l u c t u a t i o n s  of  t h e  e l e c t r o n  d e n s i t y .  
C h a r a c t e r i s t i c  zones of  f l u c t u a t i o n s  f o r  magnet ica l ly  q u i e t  
and magnet ica l ly  d i s t u r b e d  days a r e  r evea l ed .  

I t  i s  a  known f a c t  t h a t  t h e  most important  c h a r a c t e r i s t i c s  o f  t h e  - /77  

s t r u c t u r e  o f  ionospher ic  inhomogenei t ies ,  c l o s e l y  l i n k e d  t o  f l u c t u a t i o n s  i n  t h e  

i n t e n s i t y  o f  t h e  r a d i o  emission from d i s c r e t e  sources  and a r t i f i c i a l  e a r t h  

s a t e l l i t e s ,  a r e  t h e  d e v i a t i o n s  o f  t h e  e l e c t r o n  d e n s i t y  AN o'f inhomogeneities 

from t h e  average va lues  o f  d e n s i t y  N i n  a  l a y e r  ( so -ca l l ed  f l u c t u a t i o n s  of 
-- 

e l e c t r o n  d e n s i t y )  and t h e  r e l a t i v e  d i s p e r s i o n  o f  e l e c t r o n  concen t r a t ion  ANIN. 
A d e t a i l e d  survey  o f  a r t i c l e s  devoted t o  i n v e s t i g a t i o n  of  e l e c t r o n  d e n s i t y  i n -  

homogeneities [1] has shown t h a t  a t  t h e  p r e s e n t  t ime t h e r e  a r e  ve ry  few ex- 

per imenta l  d a t a  a v a i l a b l e  on t h e  f l u c t u a t i o n s  o f  e l e c t r o n  d e n s i t y  i n  t h e  

ionosphere,  e s p e c i a l l y  i n  t h e  F2 l a y e r .  

On t h e  o t h e r  hand, we have emphasized i n  [2]  t h a t  s c a t t e r e d  r e f l e c t i o n s  

a r e  an e f f e c t i v e  experimental  b a s i s  f o r  s tudying  t h e  inhomogeneous s t r u c t u r e  

of  t h e  ionosphere.  I t  was shown i n  [l ,  31 t h a t  t h e  s o - c a l l e d  F - s c a t t e r i n g  and 

f l u c t u a t i o n s  i n  t h e  i n t e n s i t y  o f  r a d i o  emission from d i s c r e t e  sources  a r e  t h e  

genera l  cause f o r  t h e  formation i n  t h e  F- layer  of  t h e  ionosphere of  l a r g e - s c a l e  

inhomogeneities i n  i o n i z a t i o n ,  l oca t ed  over  a  broad range of a l t i t u d e s .  Each 

inhomogeneity has  dimensions which a r e  s u f f i c i e n t  f o r  formation of a  s i n g l e  

i n t e n s e  s i g n a l .  

-- 

"Numbers i n  t he  margin i n d i c a t e  pag ina t ion  i n  t h e  f o r e i g n  t e x t .  



In r e c e n t  y e a r s ,  many papers  (mostly fo re ign )  have appeared which a r e  

devoted t o  t h e  t h e o r e t i c a l  and experimental  s tudy  o f  t he  phenomena of  s c a t t e r e d  

r e f l e c t i o n s ,  A r a t h e r  complete survey o f  t h e  r e s u l t s  i s  contained i n  [4-61. 

I t  must be po in t ed  o u t ,  however, t h a t  t h e  overwhelming ma jo r i t y  o f  t h e  expe r i -  

mental s t u d i e s  have a  p u r e l y  phenomenological c h a r a c t e r ,  i . e . ,  t hey  a r e  devoted 

p r i m a r i l y  t o  a  formal c l a s s i f i c a t i o n  o f  t h e  space-t ime d i s t r i b u t i o n  of  t h e  

frequency o f  appearance and i n t e n s i t y  o f  F - s c a t t e r i n g .  Thus, it was found t h a t  

i n  t h e  v i c i n i t y  o f  t h e  magnetic equa to r  t h e r e  i s  a  b e l t  o f  i n t e n s e  s c a t t e r e d  

r e f l e c t i o n s  wi th  a  r e p e t i t i o n  frequency g r e a t e r  t han  90%, and t h a t  i n  g e n e r a l ,  

t he  a r e a  o f  geomagnetic l a t i t u d e s  from 20°N t o  20°S t h e  s c a t t e r e d  r e f l e c t i o n s  

a r e  a common occurrence  i n  t h e  n igh t t ime  ionosphere.  On t h e  o t h e r  hand, 

however, i n  a  narrow zone extending from 30 t o  40' geomagnetic l a t i t u d e ,  t h e  

appearance o f  s c a t t e r e d  r e f l e c t i o n s  is observed extremely r a r e l y  a t  any l e v e l  

of  magnetic a c t i v i t y .  Beginning a t  40° geomagnetic l a t i t u d e ,  t h e  p r o b a b i l i t y  

o f  occurrence o f  s c a t t e r e d  r e f l e c t i o n s  inc reases  wi th  l a t i t u d e ,  r each ing  a  

maximum a t  l a t i t u d e s  g r e a t e r  t han  60". For geomagnetic l a t i t u d e s  below 70°, 

s c a t t e r e d  r e f l e c t  ions  hs d e t e c t e d  by v e r t i c a l  p u l s e  radiosoundings o f  t h e  iono-  

sphere  a r e  a  t y p i c a l  n o c t a r n a l  phenomenon. The maximum o f  p r o b a b i l i t y  of  oc- 

cur rence  o f  s c a t t e r e d  r e f l e c t i o n s  i s  found, a s  a  r u l e ,  i n  t h e  hours  around m i  

midnight (before  midnight f o r  $ < 20" and a f t e r  midnight a t  middle and h igh  

l a t i t u d e s ) .  

The s t a t i s t i c a l  s tudy  o f  t h e  p r o b a b i l i t y  o f  occurrence of s c a t t e r e d  r e -  

f l e c t i o n s  [7]  has shown t h a t  s e p a r a t e  ana lyses  must be  conducted f o r  magnetical- 

l y  q u i e t  and rnagnetica?ly d i s t u r b e d  cond i t i ons .  A very  important  f a c t  i s  t h a t  

a t  a l l  l a t i t u d e s  and a t  a l l  s ea sons ,  r e g a r d l e s s  o f  t h e  t ime o f  day and t h e  

condi t ions  o f  geomagnetic a c t i v i t y ,  t h e r e  i s  a  tendency toward r educ t ion  of  t h e  

p r o b a b i l i t y  o f  occurrence o f  s c a t t e r e d  r e f l e c t i o n s  wi th  an i n c r e a s e  i n  t h e  

e l e c t r o n  concen t r a t ion  i n  t h e  maximum of  t h e  l a y e r  [8-101. 

B. Briggs [ll],  cons ide r ing  t h e  i n t e n s i t y  o f  t h e  s o - c a l l e d  s c a t t e r i n g  by 

f r equenc ie s ,  showed t h a t  seasonal  and h e l i o c y c l i c  v a r i a t i o n s  i n  t h i s  va lue  a r e  

a secondary e f f e c t  caused by corresponding v a r i a t i o n s  i n  t h e  c r i t i c a l  f requen-  

c i e s .  As f a r  a s  t h e  p h y s i c a l  cause f o r  " s c a t t e r i n g  by f requencies"  i s  con- 

cerned ,  i . e . ,  f l u c t u a t i o n s  i n  t h e  e l e c t r o n  d e n s i t y  AN, an examination o f  random 



o s c i l l a t i o n s  shows t h a t  t h e s e  f l u c t u a t i o n s  do no t  have any r e g u l a r  seasonal  

v a r i a t i o n .  

S ince  t h e  a v a i l a b l e  d a t a  on g loba l  d i s t r i b u t i o n  o f  frequency o f  occurrence 

and i n t e n s i t y  o f  F - s c a t t e r i n g  do no t  i n d i c a t e  t h e  p h y s i c a l  cause which produces 

them ( ionospher ic  inhomogeneties),  we f e l t  t h a t  it would be  very  i n t e r e s t i n g  

t o  s tudy  t h e  space-t ime d i s t r i b u t i o n  of  f l u c t u a t i o n s  of e l e c t r o n  d e n s i t y  AN. 

The p r e s e n t  paper  i s  an i n i t i a l  a t tempt  t o  s tudy  the  d i u r n a l  v a r i a t i o n s  AN an 

t h e  s c a l e  o f  t h e  Northern Hemisphere on t h e  b a s i s  o f  d a t a  from v e r t i c a l  r a d i o -  

soundings of  t h e  ionosphere conducted by a  g loba l  network o f  s t a t i o n s  dur ing  

t h e  I n t e r n a t i o n a l  Geophysical Year. 

The i n t e n s i t y  o f  t h e  F - s c a t t e r i n g  is  determined by t h e  va lue  Af, t h e  range 

o f  Srequencies  n e a r  t h e  c r i t i c a l  frequency a t  which r e f l e c t i o n  from t h e  l a y e r  

occurs .  F luc tua t ions  o f  t h e  e l e c t r o n  d e n s i t y  AN can b e  c a l c u l a t e d  i f  we know 

t h e  c r i t i c a l  frequency f  F2 and t h e  i n t e n s i t y  of  t h e  s c a t t e r i n g  Af. Since 
0  

3 - N == 1,24.10'ft e lec t rons /cm , 
..  ----. 

t hen  

AN - 2,/15. 106j,,Af electrons/cm 3 .  
- - -- 

In  o u r  c a l c u l a t i o n s ,  we use  t h e  d a t a  from two groups o f  s t a t i o n s :  17 

s t a t i o n s  i n  t h e  Western Hemisphere, l oca t ed  wi th in  a  narrow range o f  geographic 

longi tudes  (67-81.2'W) and i n  t h e  range o f  geomagnetic l a t i t u d e s  4 .4"~-88"N 

(Table 1 )  and 18 s t a t i o n s  loca t ed  a t  middle l a t i t u d e s  i n  t h e  Eas te rn  Hemisphere 

ranging from longi tudes  of  0 t o  2 6 ' ~  and l y i n g  i n  t h e  range o f  geomagnetic 

l a t i t u d e s  from 46.6 t o  70.2'N (Table 2 ) .  

S ince  we were un fo r tuna te ly  unable t o  have access  t o  t h e  r eco rds  o f  t h e  

ionograms of  t h e  Worldwide network, we d i d  not  c a l c u l a t e  t h e  abso lu t e  values o f  

AN b u t  some va lue  p  = f  Af, p ropor t iona l  t o  AN. Both t h e  va lues  of  f0 and Af 0 
were ob ta ined  from s t anda rd  d i u r n a l  t a b l e s  o f  f  F2. The va lues  of  f were 

0 0 
rounded o f f  wi th  an accuracy o f  0 . 1  MHz, whi le  t h e  va lues  o f  Af were determined 

on t h e  b a s i s  o f  a  fou r -po in t  s c a l e  [13] .  A s c a l e  o f  t h i s  type  was s e l e c t e d  

because,  i n  accordance wi th  t h e  i n t e r n a t i o n a l  i n s t r u c t i o n s  [12],  i n  t h e  event  



of occurrence  o f  F - s c a t t e r i n g  and i t s  e f f e c t  on t h e  e s t i m a t e  o f  f  0  F2, t h i s  f a c t  

i s  indicated i n  t h e  t a b l e s  wi th  t h e  a i d  o f  s u b s c r i p t s .  I f  t h e r e  was no F- 

-scattering (only numerical va lues  o f  f F2 a r e  given i n  t h e  t a b l e s ) ,  Af = 0 0 
on o u r  s c a l e .  In t h o s e  cases  where t h e  s u b s c r i p t  f fo l lows  fOF2 i n  t h e  t a b l e s  

( i n d i c a t i n g  t h e  presence  o f  a  smal l  amount o f  s c a t t e r i n g ) ,  Af = 1. I f  t h e  

s c a t t e r i n g  was s o  g r e a t  t h a t  t h e  numerical va lue  f  F2 i s  accompanied n o t  on ly  0  
by a fo l lowing  s u b s c r i p t  F  b u t  i s  preceded by s u b s c r i p t  ( U ,  I ,  P ) ,  A f  = 2. 

F i n a l l y ,  with i n t e n s e  F - s c a t t e r i n g ,  when it was no t  p o s s i b l e  t o  c a l c u l a t e  t h e  

c r i t i c a l  f requency and t h e  s u b s c r i p t  F  i s  p l aced  i n  t h e  t a b l e  i n  p l a c e  o f  t h e  

numerical  va lue ,  Af = 3. 

TABLE 1. 

No. S t  a t  ion  Geograph- Geograph- Geomagnetic 
i c a l  i c a l  l a t i t u d e  
l a t i t u d e  long i tude  

1. A l e r t  82'33'N 62'35'W 85'49 'N 

2 .  Thule 76 33 68 50 88 03 

3. F rob i she r  63  45 68 34 75 

4 .  F o r t  Chimo 58. lo  68.4' 69.2 

5. Ottawa 45.4 79.9 57.0 

6. Fo r t  Monmouth 40 15 74 01 51.7 

7 .  Bel levue 38 44 77 08 50.1 a 

8. Canaveral 28 4  80 6  4  0  

Bahama I s  lands 26 40 78 22 37.9 '  

10.  San Sa lvador  
n a  1 23 00 74" 3  3  

11. Kamea 18 30 67 12 30.0' 

12.  Fo r t  Randolph 09 23 79 53  20.6 

13. B o g ~ t a  4 . 5 -  79.2" 15.9 

14. T a l a r a  4 .6 s  81.3 6.6 

15. Chimbote 9 . 1  78.6 2.1 

16. Chiclayo 6 .8  79.8 4 .4s  

17. ~ u a n c a y o  12.0 75 .3  0.6 



TABLE 2 

The system adopted f o r  l i s t i n g  A f  i s  admi t ted ly  a  rough one. However, t he  

s p e c i a l  comparison o f  ionograms contained i n  [13, 141, wi th  s t anda rd  diurnal 

t a b l e s  f o r  f F2, we were a b l e  t o  confirm t h a t  A f  = 1, 2, 3 corresponds t o  
0 

s c a t t e r i n g  when Af = 0.25,  0 .5 ,  0.75 bMz, r e s p e c t i v e l y .  

For t h e  a n a l y s i s ,  we used s e p a r a t e l y  t h e  d a t a  from f i v e  magnet ica l ly  q u i e t  

and f i v e  magnet ica l ly  d i s t u r b e d  days i n  December 1958 [14]. The p e r i o d  o f  t h e  

w in te r  s o l s t i c e  i s  o f  cons ide rab le  i n t e r e s t ,  s i n c e  " s c a t t e r i n g  by f r e q u e n c i e s f P  

t a k e s  p l a c e  most f r e q u e n t l y  i n  w in te r ,  e s p e c i a l l y  a t  middle l a t i t u d e s ,  For / 80 
P 

each s t a t i o n ,  we have c a l c u l a t e d  t h e  F va lues  a s  medians f o r  a  given hour f o r  



f o r  t h e  f i v e  days i n  ques t ion  and t h e  mean a r i t h m e t i c  va lues  o f  Af f o r  t h e  same 

hour s .  In t h e  case  where Af = 3 ,  t h e  c r i t i c a l  frequency f o r  t h i s  hour  was 

determined by i n t e r p o l a t i o n  on t h e  f-graph f o r  t he  hours  i n  ques t ion .  For t h e  

s t a t i o n  at T'hule, where A f  = 3 was observed i n  t h e  ma jo r i t y  o f  ca ses ,  t h e  va lues  

for t h e  c r i t i c a l  f r equenc ie s  f o r  c a l c u l a t i n g  P was s e l e c t e d  on t h e  b a s i s  o f  an 

average (median) d i u r n a l  p a t t e r n  f o r  fOF2 f o r  t h e  e n t i r e  month. 

Hence, we c a l c u l a t e d  d i u r n a l  v a r i a t i o n s  P " AN f o r  each s t a g e ,  t h e  g loba l  

d i s t r i bu t io ra  o f  t h e s e  v a r i a t i o n s  i s  shown i n  F igures  1 and 2. The averaging of  

P was performed w i t h i n  i n t e r v a l s  o f  6" o f  l a t i t u d e .  

For convenience i n  
Hours o f  t h e  day 

* .  . . .- . . s tudy ,  t h e  e n t i r e  range  o f  
f6 :u 20 22 0 Z 4 6 8 N R 

, .  ; - , . , . .  P va lues  was subdivided i n t o  

e i g h t  i n t e r v a l s .  T h e i r  

va lues  a r e  shown i n  Table 3 

and i n  t h e  cap t ion  t o  

F igu re  1. 

An examination of  t h e  

"char t s"  o f  v a r i a t i o n s  i n  P 

made it p o s s i b l e  f o r  us  t o  

e s t a b l i s h  t h e  zones o f  maxi- 

mum and minimum va lues  f o r  .. 
f l u c t u a t i o n s  i n  e l e c t r o n  

Figure  1, Diurnal  Var i a t ions  o f  A N  (Western d e n s i t y .  During a  magneti  - 
Hemisphere, Magnet ical ly  Quiet  Days). 1, P = 
= 0; 2 ,  P = 0 t o  3 .2 ;  3 ,  P = 3 . 3  t o  6.4; 4 ,  c a l l y  q u i e t  p e r i o d  (Figure 1) 

t h e  zone AN = 0 occupies  a  

r eg ion  ex tending  from 18 t o  

30° l a t i t u d e  r e g a r d l e s s  o f  

l o c a l  "cims arid n e a r l y  a l l  o f  t h e  s e c t o r  i l l umina ted  by t h e  sun ( t h e  s u n r i s e  

and sunse t  l i n e s  a r e  i n d i c a t e d  on t h e  c h a r t s  f o r  t h e  w i n t e r  s o l s t i c e  a t  t h e  

250 km l e v e l  1161) a t  a l l  l a t i t u d e s .  The except ion  i s  t h e  hours  be fo re  noon a t  

l a t i t u d e s  o f  54 t o  78' and one hour a f t e r  s u n r i s e  i n  t h e  zone from 6's t o  18'N. 

High values of AN were observed i n  t h e  e q u a t o r i a l  ionosphere (0 t o  18") dur ing  



t h e  n ight t ime hours  from 2100 t o  0600 hours .  The maximum values  were found 

only dur ing  two hours n e a r  midnight i n  a  narrow range  o f  l a t i t u d e s  from 0 t o  

6". The i n c r e a s e  i n  AN va lues  t a k e s  p l a c e  ab rup t ly ,  beginning a t  2100 hour s ,  - /81 

while  t h e  d e c l i n e  i s  gradual  u n t i l  0600 hours .  

Hours o f  t h e  day A t  middle l a t i t u d e s  

du r ing  t h e  n igh t t ime  hours ,  

a t  t h e  equa to r ,  whi le  i n  t h e  

r eg ion  o f  l a t i t u d e s  from 30 

t o  42' t h e  nonzero va lues  o f  

AN a r e  observed only i n  s c a t -  

t e r e d  zones dur ing  t h e  mid- 

n i g h t  and predawn hours. In 

t h e  zone o f  l a t i t u d e s  from 

48 t o  60°, t h e  A N  va lues  

Figure 2 .  Diurnal  Var i a t ions  o f  AN (Western i n c r e a s e  somewhat [P G 6 .4)  . - 
Hemisphere, Magnet ical ly  Disturbed Days). During t h e  p e r i o d  from 2000 See Figure 1 f o r  symbols. 

t o  1200 hours ,  AN shows only  

s l i g h t  v a r i a t i o n s .  

In  t h e  a u r o r a l  zone (66 t o  78") ,  t h e  ionosphere is  inhomogeneous p r a c t i -  

c a l l y  a t  a l l  hours  (P < 9.6) wi th  t h e  except ion  o f  s e v e r a l  hours  n e a r  noon 

when AN = 0. A t  t h e  p o l a r  cap A.N reaches  a  very  h igh  va lue  (9.6 < P < 1 6 , Q )  

s o  t h a t  we can cons ide r  t h a t  t h e  r e g u l a r  d i u r n a l  v a r i a t i o n  o f  A N  i s  absen t ,  

I t  should b e  mentioned t h a t  t h e  t r a n s i t i o n  from t h e  zone o f  i nc reased  va lues  

o f  A N  n e a r  t h e  equa to r  t o  t h e  t tzero" zone occurs  very s h a r p l y ,  whi le  t h e  in- 

-crease i n  A N  from t h e  zero zone toward h i g h e r  l a t i t u d e s  occurs  smoothly. 

' TABLE 3 .  

f i t  t L 1 ', i 
I n t e r v a l  : I ! 2 3 i . 5 

6 i p  1 - ! I .- ' I 
I- 

ji,;--o,ii I / 9.7-:?,8/ 12.9-lG.9 i it3,i-f3,2 />19,? 
1 I - ,. . . . . 
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The g l o b a l  d i s t r i b u t i o n  of d i u r n a l  v a r i a t i o n s  o f  AN i n  t h e  magnet ica l ly  

d i s tu rbed  p e r i o d  (Figure 2 )  has  a  somewhat d i f f e r e n t  appearance. Thus, i n  t h e  

equamorial r eg ions  AN decreases  s h a r p l y  i n  t h e  hours  be fo re  midnight ;  r a r e l y ,  

t h e r e  a r e  i n s t a n c e s  o f  s i g n i f i c a n t  v a r i a t i o n s  o f  AN dur ing  t h e  daytime, and 

i n  t h e  i n t e r v a l  of  l a t i t u d e s  from 12 t o  24",  AN = 0 a t  p r a c t i c a l l y  a l l  hours .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a t  l a t i t u d e s  of  12 t o  18O, dur ing  both  magneti-  

c a l l y  q u i e t  and magnet ica l ly  d i s t u r b e d  p e r i o d s ,  t h e r e  i s  a b r i e f  "peak" from 

0700 t o  0900 hours  l o c a l  t ime a g a i n s t  a  zero background. 

The d i s t r i b u t i o n  of  AN i n  the  range o f  l a t i t u d e s  from 48 t o  60' d i f f e r s  

cons iderably  from t h a t  d i scussed  above. The i n c r e a s e  i n  AN dur ing  t h e  n i g h t -  

t ime hours and t h e  appearance o f  i n t e n s e  inhomogeneity dur ing  t h e  daytime i s  

ev iden t ,  As f a r  a s  t h e  a u r o r a l  zones and t h e  r eg ions  l o c a t e d  i n  l a t i t u d e s  o f  

84 t o  90° a r e  concerned, it is ou r  opinion t h a t  t h e  d i f f e r e n c e s  found h e r e  i n  

t h e  d i s t r i b u t i o n  o f  AN i n  t h e  magnet ica l ly  q u i e t  and magne t i ca l ly  d i s t u r b e d  

pe r iods  a r e  i n s i g n i f i c a n t .  We might merely mention t h e  tendency toward an 

i n c r e a s e  i n  inhomogeneity dur ing  t h e  daytime t h a t  i s  observed dur ing  magnetic 

d i s t u r b a n c e s ,  A s tudy  o f  t h e  v a r i a t i o n s  o f  AN i n  t h e  Eas te rn  Hemisphere ( the  

range o f  l a t i t u d e s  frort 46 t o  70") makes it p o s s i b l e  t o  n o t i c e  t h e  same f e a -  

t u r e s  which were observed i n  t h e  Western Hemisphere (see F igures  1 and 2 ) .  

S ince ,  a s  we have mentioned above, t h e r e  i s  a  dependence between t h e  

frequency o f  occurrence o f  F - s c a t t e r i n g  and t h e  concen t r a t ions  of  e l e c t r o n s  in  

t h e  maximum of  t h e  l a y e r  [9, 101, it was i n t e r e s t i n g  t o  compare t h e  c h a r t s  fo% - / S 2  

n igh t t ime  hours  showing AN wi th  s i m i l a r  c h a r t s  f o r  c r i t i c a l  f r equenc ie s .  One 

of  t h e s e  c h a r t s  i s  s h ~ w n  i n  Figure 3. A comparison o f  c h a r t s  f o r  corresponding 

pe r iods  w i l l  show a  pronounced i n v e r s e  r e l a t i o n s h i p  between AN and f F2, a t  
0 

high  and middle l a t i t u d e s  i n  any case ,  i. e . ,  p r e c i s e l y  where t h e  d i u r n a l  v a r i -  

a t i o n s  o f  AN a r e  l e s s  r e g u l a r .  In t h e  e q u a t o r i a l  r eg ion ,  such a  tendency i s  

found, b u t  i s  much l e s s  pronounced. 

Severa l  i n v e s t i g a t o r s  [6, 111 have expressed t h e  opin ion  t h a t  t h e  absence 

o f  d i f f u s e  r e f l e c t i o n s  i n  t h e  n i g h t  i n  r eg ions  o f  c r i t i c a l  f r equenc ie s  on 

ionograms does n o t  mean t h a t  inhomogeneities a r e  completely absent  b u t  merely 

i n d i c a t e s  t h e  s h i f t  o f  inhomogeneities above t h e  maximum o f  t h e  F2 l a y e r .  



A t  t h i s  t ime ,  t h e n ,  i n  t h o s e  ionograms which were recorded wi th  v e r t i c a l  r a d i o  

sounding o f  t h e  ionosphere "upward", u s ing  ionospher ic  s t a t i o n s  mounted aboard 

a r t i f i c i a l  e a r t h  s a t e l l i t e s ,  i n t e n s e  s c a t t e r e d  r e f l e c t i o n s  would be  observed 

i n  t h e  frequency range below c r i t i c a l  l e v e l s .  In  [17], r e s u l t s  were publ i shed  

concerning t h e  s tudy  o f  F - s c a t t e r i n g  wi th  t h e  a i d  o f  t h e  Canadian s a t e l l i t e  

uAlouet tel l  w i t h  an ionosonde on board.  F igure  4  shows t h e  g loba l  d i s t r i b u t i o n  

o f  t h e  d i u r n a l  v a r i a t i o n s  o f  t h e  frequency o f  appearance o f  low-frequency 

F - s c a t t e r i n g ,  recorded  on t h e  ionograms from the  s a t e l l i t e s  ( taken from [17]). 

The d a t a  r e f e r  t o  14 November 1962, a  magnet ica l ly  q u i e t  day. The comparison 

of  F igures  1 and 4 w i l l  show t h a t  dur ing  t h e  n i g h t ,  i n  t h e  r e g i o n  o f  l a t i t u d e s  

up t o  30' a t  A N  = 0 ,  ground d a t a  i n d i c a t e  i n t e n s e  inhomogeneities above t h e  

maximum o f  t h e  F2 l a y e r .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  'peakvf  o f  in- 

homogeneity i n  t h e  i n t e r v a l  from 12 t o  18O a t  approximately 0700 t o  0300 hours 

a l s o  appears  i n  t h e  d a t a  from t h e  s a t e l l i t e .  Another s t r i k i n g  f a c t  i s  t h a t  t h e  

peak o f  t h e  frequency o f  occurrence  of  inhomogeneities fol lowing s u n r i s e  n e a r  

t h e  equa to r  (Figure 4) co inc ides  wi th  t h e  moment of  t h e  abrupt  t r a n s i t i o n  t o  

A N  = 0 i n  t h e  same r eg ion  on t h e  b a s i s  o f  ground obse rva t ions  ( see  F igure  1). 

Hours o f  the day 
C 14 .8 18 3 7  7 - 3  Z * 6 5 .'U IZ 

( I - t l ' l . ' .  % 

Hence, we can reach  

on t h e  b a s i s  o f  t h i s  work: 

1. The p l o t t i n g  o f  t h e  

g loba l  d i s t r i b u t i o n  o f  -- 

Figure  3 .  Diurnal  Var i a t ions  o f  fOF2 (Western 

Hemisphere, Magnet ica l ly  Quiet  Days). See 
F igure  1 f o r  symbols. 

d i u r n a l  v a r i a t i o n s  o f  A N ,  

c a l c u l a t e d  on t h e  b a s i s  of 

d a t a  r ega rd ing  s c a t t e r e d  

r e f l e c t i o n s  i n  t h e  F l a y e r ,  

makes it p o s s i b l e  t o  o b t a i n  

more d e t a i l e d  informat ion  

than  s tudy  o f  t he  prob-  

a b i l i t y  c h a r a c t e r i s t i c s  of 

2. The degree o f  inhomogeneity of  t h e  ionosphere i n  t h e  e q u a t o r i a l  and - if33 

middle l a t i t u d e s  i s  l a r g e l y  dependent on t h e  magnetic a c t i v i t y ,  whi le  it i s  



only  s l i g h t l y  dependent i n  t h e  a u r o r a l  zone and a t  t h e  p o l a r  cap. 

3 ,  Fluc tua t ions  i n  e l e c t r o n  d e n s i t y  undergo r e g u l a r  d i u r n a l  v a r i a t i o n s  

only a t  low and middle l a t i t u d e s .  A t  h igh  l a t i t u d e s  A N  remains r a t h e r  h igh ,  

changing only  s l i g h t l y  from day t o  n i g h t .  

4 .  I n  magnet ica l ly  e x c i t e d  

Geomagnetic La t i t ude  
. ---  - - 

Figure 4 .  Diurnal  Var i a t ions  o f  t h e  

p e r i o d s ,  t h e  zone o f  i n t e n s e  i n -  

homogeneities s h i f t s  cons iderably  

toward t h e  equa to r  r e l a t i v e  t o  t h e  

magnet ica l ly  q u i e t  p e r i o d s .  This 

f a c t  i s  i n  good agreement wi th  

d a t a  r ega rd ing  movements of  l a r g e -  

- s c a l e  inhomogenei t ies  i n  t h e  

F- layer  o f  t h e  ionosphere and t h e  

s o - c a l l e d  moving ionosphe r i c  d i s -  

tu rbances .  

u r r ence  o f  5.  A comparison o f  t h e  d a t a  ("Alouette" 
S a t e l l i t e ,  14 November 1958).  ob ta ined  wi th  t h e  r e s u l t s  o f  sound- 

i n g  of  t h e  ionosphere "upward" 

speaks i n  f avo r  o f  t h e  assumption o f  t h e  movement o f  inhomogeneities caus ing  

F - s c a t t e r i n g  above t h e  maximum o f  t h e  F2 l a y e r  dur ing  pe r iods  when t h e  s c a t t e r -  

ad r e f l e c t i o n s  a r e  no t  observed i n  ground-recorded icnograms. 

6. S i g n i f i c a n t  p rog res s  i n  fol lowing inhomogeneities producing s c a t t e r e d  

r e f l e c t i o n ,  f ad ing  of r a d i o  sources  and s i g n a l s  from a r t i f i c i a l  e a r t h  s a t e l -  

l i t e s  can be achieved by c o n s t r u c t i n g  d e t a i l e d  "char t s" ,  s i m i l a r  t o  t h o s e  

desc r ibed ,  on t h e  b a s i s  of  a  r eco rd  o f  t h e  ionograrns f r o n  the  worldwide n e t -  

work o f  s t a t i o n s  and comparing t h e s e  c h a r t s '  wi th  synchronous d a t a  on s c a t t e r e d  

r e f l e c t i o n s  obta ined  wi th  t h e  a i d  o f  a r t i f i c i a l  e a r t h  s a t e l l i t e s .  
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